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Tye results 01 гезеагср in the field of diffusion 
of soliü materials, be@iues giving a better insight to the 
behavior of 86110 materiale, lena themeelyes to many appli« 
eations in the field of metallurgy. Severai metallurgical 
provesse® wilkuk involve ciffuelen ame: verburlzing in 
which carbon diffuses inte the steel, nitriding, sanufecture 
ing of Dimetal strips whieh depend on adhesion retulting 
from interdiffueten of the two тесиле, арс üne rate ol 
ege nardening anc treneforagtion of metals., Sy relying more 
emi wore on purely Seclentifio work, magtailurgy 15 becoming 
jess of an art end more of B #oionae, Iu war therefore fell 
that some eaditionsl work toward tre better understanding 
of tue behavior of metals could provwióe not only 8 worthy 
contribution to paytios bub could 8180 be used In bine field 
of metallurgy. 

The teonniques developed uy Lr. J.W. Henas of 
ёррїу1рд igh centrifuge; forces to thin films deposi tec 
on ateel rotora seemed to be ап ideal way to apply s Girect- 
10081 forse to metel samples without the usuel twisting 
moments and force soneentrationg encountered in ower methous. 
$$ мазь therefore decided to inveatigate the effects of a 
centrifugal Plielc on the vete of diffusion ef aetels. 
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Tre two common sethods used for measuring diffuse 
іст are the “direct” method and the “indirect” зам. 

In the "direst method two subgtsaroes are pibced 
in contact and maintained at a high temperature for a iong 
period of time. Tne Spesimen le then Geotionalized and 
tne amount of tue constituents is determined by chemical 
analysie. 

In the “indirect” method a radioactive isotope 
of a Substance is placed in contact with а seeend material 
and tie concentration of tie Leotepe in the gecemi meteria 
is then Getermined by means of radiosotive cetection, This 
motiog was first employed by Š, von Heveay, ©. Seith amd 
д. Keil. A lead isotope, Thorium B, emitting slpha rays, 
wee used to determine the sell Aiffusion of lead in a lead 
Single crystal; noting the leesening of emissions au diffus- 
ion took piace. 

Tires possible simple mechanieme for the Gcilfus- 
ion of the atoms of one motel, ^, through в metallic 
solid, 8, are: 

$} The A atoms may indivicuelly diffuse through 

the interstices of the solid, bD; 

2) The л atoms may exchange position with the 

B atows within the iattioe; and 
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3) The A stems msy move into adjacent vacant 
pesitione in the lattice of the solid, 3. 

in tne case of the Tirst meonanism tro activation 
energy required to move an atom increases greatiy with 
the smallnena of tho size or the tnterstivial gives. 
These 81585 шге much smaller then the atomic 8100 for 
wetals forming @ubetitutional alloys anó Uerefore pro- 
babiy oniy metals forming intersticial aileye would lend 
themselves to tiie type of mechanias, 

The activation energy required гог the second 
meob&niss would bs of the same order of magnitude ав tie 
COLAB VG energy because toe two atoms would de 24086262 
41086185 together by the surrounding, eto of the lattice 
during the exchange. The probability.of thio mechanism 
being, responsible ior diffusion i5 retaer iow conticering 
She Values ог tne activation energy obtainec rroa numerous 
data, Seite.” 

The third meonaníss fov diffusion essumes tust 
vecant gitet, hereafter called vacaánoies, exist in tre 
lattioe af the material. This nas tecn the 0010 of many 
investigations. Theoretical wars in theraodynamics snows 
thet the entropy, would be itnereased ав а result of the 
increased dleorier, introduced by the vacancies in tne 
aetructure, 
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Although substitutional &gileys are not expected 
to diffuse by the Tirat mechanísSm, there 46 still the 
problem of ceterminiag waich mechanism 18 responsible for 
their diffusion. Zener” hee proposed ë combination of 
mechaniseB, in which шогат compiexn geometrigal patterns of 
the motions of she atoms could be tho meane of difluslon. 

Regardless ef the mechanium involved, the relative 
displacement cf the two kines Ol atoms must be known to 
determine the rate of diffusion. A classical example of 
determining the rate of diffusion by measuring the relative 
displacement wae accomplished sy 241 е18Ка8в anê Kirkendall.” 
They embsocied solybcenum wires at the interface between 
Cop er and Alpha braze, Alter mainteining the especias: at 
a high temperature for a long period of time, the molyi- 
бегае wires were ound to have movea inte the krass. Thie 
eifeat was observed Гог mary ether pairs ог face canter 
cubic metals, Thie ie thought to be an indication that 
neither tie direct exchange mecnanisa nor the cener theory 
are the chief procee@tes of üllfusion in these metals, 

In säditiorn: 62 the above described mechanisms, 
the effecta upen che rate of diffusion of temperature 
eri grain size must be considered. 

A Strong Gependency of the rate of diffusion 
upon the temperature applies te both types of diffusion, 
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grain youndery enc volumetric. This 0ependenay 18 èx- 
pressed by A relation of tne form, 2 = Const. Y 2s ; 
where A in tie gas constent; T, the absolute tempers ture; 
aná y, tne @otivation energy which must be supplied before 
ar atoa ray Jump from one position to воозиег in tre Lattice. 
it was shown by в. А, gebnaon2 Cuat the 6911 
diffusion cenetant Гог silver ciffered for grain bourt- 
агу &nà voilumotrio diffusion., Tris le in agreement with 
the theory er Cnalaere” base upon tbe behavior of very 
pure tín in tie vícinity of ite melting point. His results 
indicated tnet the melting point of tae saterisi in the 
grein boundaries wS sligitis lower than that of the bulk 
material, From Chens resuilte Lt wee coneluied that tas 
transition iayer of atom in the grain boundaries war 
thermodynamically lers stanie than the interior atone of 
the grains. Thide would be in agreement with tos previous 
ONAKO cancerning increases of entropy with increared 
vacancy concentration. 
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2 18 the diffusion constant which accounts Lor 
the groin size, буре of diffusion охоаггіца, and the 
iettice stpPugkture ot tne two media, It is & function oi 
tne temperature ond the sotivation energy. J is tne 
diffusion current. 

Tie wte of & collimating siit limits the peri- 
pheral length of tim cylinder which is seen by e yryatal. 
Thin allows tie preblews to bg reduced to а one Gimensionel 


ene and Fick's equations become: 
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the fellowlag assuaptions are meds: 

1) a unit lino instantaneous source Of radio- 
active silver at time zero and at X 3 1.76 x 107*om,; 
2) no evaporation at the free surface, Х 8 5.29 к 


10% om: 
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3) no diffusion through the boundary at tue 

steel rotor; and 

4) o uniform ferve Tiela, ~ , ecos in the positive 

X direction. 

by @ppiying the above agsupptlons te Fick*s one 
Gimeneional eguetione, the following are obtained; 

g z oD - jé s O at KX ë û for all t 


J. 9 — tic è o ot K w 5,26 x 10en, Cor ell t, 


and + L съ - — 

The rolutíon of these equations ir te 55/0 AB 
that worked out by Cearsiow and Jeager’ for the one dimene 
810881 heet conduction cage. Applying the conditions of 
the present problem to their solution tne following re- 
lationship of C ir obtained: 

CS ` an(x) = х 1075) ехр, (-9 _ 6) 


where Z (x) 3 Ян aiu ^ ж) 


and the n’a are the golutton of the equation Tan (5.28 x 
t 


ur) $e ew. tase , 8.2 ADM cao 
To solve the equation numerically, values for 

f апі D have to be obtained. Я van be written вё а соп» 

start times tos force, are 185 2 transport function 
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-8. 
and y is the centrifugal force resulting frou the rotte 
tion of the rotor, By substituting = 2%, (Jest®), ana 
F equal to into fj € Fs P equais re. iniu 
ters becomes 6,1 x 107  . p fer T 2 600 к. The apace 


Gependent equation reduces to: 


6 (6.2 x 1079 — ) 3 








Tus d¿lrusion constant nas leon соевого by 
tie equation: 

525 e Fr 
where U le the eotlvntion energy; T, the absolute Lempera- 
ture; К, the universal ges constant; and o ® conetant 
ион varies Very sion); with temperature and contains 
factors pertaining to aifferent metals, Tue first and 
1885 quantities are found ру iiteing curves to experimental 
Gate, 

work nas been done by severe) investigators to 
determine її» 88311 diffueion constante of silver by 
eleoblrodepositing a radioactive silver layer on reguler 
silver, 

Hoffman and Turnbull" round that te diffusion 
constent for áiifusioen inte high purity 61lver at 500% © 
with grain boundaries with a width oi 5 x l0 "om, wes; 
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.9- 
by © 0,03 × 6 ˆ 
Johnson? feuná the lattice self diffusion cone 
свату гог silver to be 
| D; $ 0.895 е ید‎ on* /вес. ; 
amd the combined diffueaton lop polyorystalline silver 
1n a temperature Senge between 030 and 602 degrees senti- 
grede to be 
522.3 10795 шээж. on” /eec. 
Using thie leat equation at room temperature, 
D equals 11.7 x 1979v өв /4зу which comperes favorsbly 
with D equal to 9,6 х 10-20 ож алу noted by Harrier, + 
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The method of using а racicactiva isotope was 
decided upon to detect tiw sali ciffueion ol silver. 
Tne main advantage of THLE methoc over sectlonalizetion 
or chemical analysis was to &llow tie severmination of 
the rate ol Giffusion al nuswrous tine intervals during 
each run without damaging the film. Two major problems 
had to be comglideres. tre веыюд to ye used lar depositing 
tos Cline; Giri the metacd of euisining dete to ve correllated 
with the rate of dlffusion, 

Two possibilities presented themselves Cor de- 
poriting the files: ejectrodeposition su evaporation. 

An evaporatios technique would have requires e 
¿arge beill ¿er sontalolug net anly tie test rotor aná 
the eYapora.cion equlpsent but also 8 mechaniem ior rotete 
ing the rotor úuring the eveporation to insure even thicke 
weshes of tha deposited layers, although thie teconique 
ig readily adaptable for nuneradionctive materials, it Le 
net practical Гог use with raciosctive materiale because 
tie amounts of tos racicactive í&otope deposited op tne 
surface of the beil jer and mechanigas reguita in « weete- 
fu usage от Che 18050286, und aven more important’ presents 
an excestive Puóoiation h&süro te the worker while cleaning, 
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decontaminatira, ana disposing Oo the racioscative wastes, 

HOskUse гс ше рН Дей wouid present much 
lass of & rediation nazerc ane would be mush sore economical 
at the same time, 1% was decided to investigate this prevers 
for’ obtaining the deaizrea (lima. 

in the garly tritis c£. electroplated rotors the 
tiles were throws from tne rotors at various Upesas. The 
initieel procedure Giopteu for we olectroaeposBition of 
filma on She rotors was to: 

| 1) polish the rotor with single ought metallurgical 

polishing peper; 

2) waren the rotor is acetone anu Pingo with 

Gletilles aeter; 

3) wash the rotor in not detergent and rinse 

ai dletiljed water; 

$} deposit a thin layer of eepper by chewical 

depobition lor a period of threw veconás ір ап 

Acia copper Flating Solution, ^ (This solution 

was prepared by diluting 3.5 grem of copper 

Sulphate erysveis and 6.0 mi. of concentrated 

sulphurte 8212 do e final volume of 100 mio); 

5, electroplate an 15161841 noceraócloactive 

silver fils from a silver strike solution, ® 








» 182 ~ 


(Tnis solution es prepared by 18801418 5909 
silligrame of silver cyanide and 37.5 grams of 
soin cyanide in 500 ml. of Gistilleà water,); 
6) electroplate the bottom and cylindrical eur. 
face ol the rotor with а flim of radioactive 
Silver, erdinary silver enriched with e1iver’?” 

froa a eliver cyanice plating solution prepared 

by disselving 30.4 grame of racicactive silver 

syaniue, 81.1 grums of potassium cyanide, and 

44,0 grease of potassium carbonate per liter of 

80165108 

1) aná elestropisia tie final coating ol non- 

radioactive silver over tne entire rotor from 

the plating solution üesüribed in 5) above, 

fhe thickness oi tie lilas wae determined from the 
following equation which wes derived frea Гагвдау!8 1488) 

re lt 


where T 18 the thickness of the film ir um,; И, the molea 
cuidar weight of silver; а, the current in milliamperes; 
F, tne Feracay constant; „8 density of silver; A, tie 
ares to ve plated; ami t, tie plating time in Seconds. 
The current density was melntained constant alt 6.62 wa fou 


for thie experiment and the plating tingo wore varied to 
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give tre various layer Thiökronses, Tne thickness cr 

the initial layer was 6.92 х 1075 1n.; the reüioactive 
layer, 4.50 x 10-6 in,; and outer leger, or overlay, 

1.39 x 10" in, Microscopie examination revealed that 

the Slime prepared from these solutions sere polycrystalline 
with & grein 8120 14888 tier om micron, 

The relative movement of tne radicactive iactope 
through the ordinary @liver layers wea determined by 
counting the гау 68188100 with a scintillation orystei, 
energy diseriminator üni counting Gevice, described unser 
"pescription of Apparatus." A slight end very bread peak 
appeared at the seme place in the energy spectrum of the 
emisaions from teverei samples. By incorporating s colii- 
mating slit and a very Ghin aluminum reflector, tois peak 
was varroweld considerably. A typical energy spectrum ote 
tained with the coliimating siit is snows in ligure 1. 

it «ae found that various tnicknesses of the oven 
iey lowered the oounting rete at each point on the energy 
curve but día net produce any üetectebile &0lf$ of tne peax 
of the curvo tow&rás Niger or lower energies. А eet af 
tose curves i6 shown in Figure &, ron tness resulte, 
the parameter chosen for the Getermination waa tre ӨРӨӨРОСГӨө 
ment of the number of counte in @ wide energy band Ghore, 
Go аз to include the peak of tne energy curve, 1018 energy 
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band ranged cetween two points where the number of 

counts were toe Same and bie 510,098 were approximately 
equal ani of opposite sign. This compensated for emali 
erifte of the energy Spectrum caused by voltage end neat 
fiuctuations in the counting equipment. HNelering to 
Figure 1, this bend ranged from 10.0 to 17.5 volts (Pulse- 
Height Analyzer settings). 

To obtain tre relation between te counting rate 
and thicknesa of overiay, aight rotore were piatec with 
tie radioactive isotope. The energy Gpectrum ari ú total 
count of the above defined energy beri of each were taker. 
The roters wore then piatea with overieysS of various 
tnicknesser апа tke spectra ana totei counts of tue banc 
were egein taken, Tie peeks of the spectra, both before 
and after the overlay, of ali rotors were founa te ile at 
the same energy position. (ne of the rotors wes cnesen 
es e standara aná tre ratios ог the initial number o1 
counts of the other rotors to the initial numer cf counts 
of thie 85812820 ГОбОГг were subsequently uced to ocowpene 
sate for differences iu the amount of radioactive aiiver 
deponites on esch rotor. ¿ne results of this investiga» 





tion Shewed tat a curve of the logeritim of tie nunser 
of counts versus tie thickness of the overlay turned out 


to be 6 straight line, of 11::4080Гг8664 10 Figure 3. 
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А control rotos was prepared by depositing a 
iayer of radiosctive siiver on it. This wes maintained 
at room temperature anc counted aaoh time a test rotor 
was counted, The actual number of counts of the test 
Todor wero then adjusted by the ratio of the actusl 
number of counts of the control rotor at thie time to ite 
initial value at the beginning ef the run. This CONDE- 
sated for the decrease of tie counting rate with time 
resulting from radicactive decay in the test filas during 
long runs. This procedure further compensated for drift 
in the counting equipment that may neve taken piace during 
Lhe run, | 

Thue tie following procedure fom detecting 6 
nift in the position of tne radioactive isotope wau 
adopted. ne filws were plated on the test roter, tne 
number of counts in the energy band were tetelied, ans the 
numer of counta in the energy band of the control rotor 
were totaled. Then tie test rotor was plaged in tie centri- 
fuge end brought to the desired speed and temperature, 
At appropriate time intervals the roter was stopped, req 
moved from the centrifuge, ite energy vend count taken and 
& pareilel count of the control rotor was Garen, The teat 
rotor was Chen replaced in the centrifuge, anc returned to 
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the desired speed and temperature. fter adjusting tne 
number of county of the test rotor, ва mentioned above, 
the persent change in counting rete of emissione from tne 
test rotor with respect to its counting rate at tire 
beginning of the run was computed, 

A run wat conducted as follows with tie rotete 
19081 velooity of tbe spinning portions 25 10,000 revelue 
tions per second, The rotor was counted at four hour 
intervals throughout this run, For the lirst twenty-four 
hours, with the rotor spinning, the counting rate Засгеааес, 
Sinee 1% was expected that the counting rate woulo inoresse, 
the centrifugal foree inoreasing the rete of diffusion to- 
werds the periphery, instead of Gecreating, ine rotor was 
Suspended in the centrifuge at the same temperature without 
spinning for a period of eight hours. A rise in the count 
ing rate wee noted, The rotor май tien spun for a period 
of eight hours and e decrease in the counting rate was 
noted, Then the rotor wae suspended, without spinning, for 
a period of twenty hours and the counting rate inereased 
again, This ie illustrated in Figure 4. A peraliel run 
under simller conditions produced the sume effects. 

Several runs were mace with the rotor suspended 
st temperature without epinning, for seventyetwo noura and 
the counting rato exnibitec a slight increare throughout 
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the runs, Since there wee & change from an ingressing 
counting rato at aero rotatíonal velocity to a decreasing 
counting rate at 10,000 revolutiona per second, the change 
in counting rate with tine for rotational velocities of 
2,000; 5,000; 6,050; and 8,09% revolutions per second wae 
investigate“. These rane lasted for periods af seventy 
two hours, with the rotor being counted at twelve hour 
intervals, The resuite of these runs are shown in Figure 
5. 

In oréer te determine whether eny of these effects 
were the result of plastic flow of the material plated on 
the cone end the bottom of tre rotor, a method wor develope 
ed for plating emly the cylindrical surface of Uw rotor. 
This wes acoowplisned by machining e ¿driiled holder of 
soft steel which Pitted the come of the rotor, und a plate 
undercut and fitted against the bottom of the rotor, The 
two items were o^ the same outside radius as that of the 
rotor and were coated «ith polyetyrene to prevent silver 
from plating on them, The three parta cr the assoemol; 
were bald together by the magnet which 2180 held the 
assembly to tne stirring motor in the plating bath. 

In addition to limiting tne silver piating te 
the eylinárical surface of the rotor, thie method of plating 
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also produced a more uniform layer of depositeó silver 
in that no sharp corners were now present ani therefore 
the edges of the cylinder were no longer pointe of high 
current denaity,. 

it wes discovered at taio point that the copper 
plate could be omitted and hereafter Lt war net usei., 

ihe results of another set of runs made st Q; 
2,000; 3,000; 6,000; and 8,000 revolutions per second 
using this latter pisting technique are shown in Figure 6. 
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APPARATUS 


The apparatus used in thie experiment can be 
subdivided into treo groups: 

1) tie plating apparatus for electrodepesiting 

the silver lagers om tne rotors, 

2) the ultracentrifuge used to apply large 

centrifugal forces фи tue test rotors, and 

3) he apparatur usod bo cetect and count the 

recigasctive omissions Irom the test rotors, 


A water beth kept at constant Gempersture Бу а 
mercury thermoswitoh controlled nichrome beating element 
ahintained the plating solution at tne proper plating 
temperature. Тһе framework holding the plating solution 
beaker in the temperature bath wae designed to allow 
rapid removal of the beaker and insertion of the radice 
&otive platíng solution container, А six revolution per 
minute motor was provided to rotate the test rotor in tbe 
piating solution te insure uniferm thicknesaes of the 
sliver filas, 

The radicactive plating solution waa enclosed 
in а thick brass container to lessen the amount of radiation 
exposure. to personnel, A platinum anche was employed to 
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reduce to a minimum the variations in the retío of 
rediocactiva sLiver to nonaradicactiva silver in the 
solution, During storage, а tight fitting brass cap over 
tre solution container kept the evaporation of the 8014» 
tion ёо а жілік, The elrouitry of tke plating apperatus 
is shown ín Figure 7. 


This experiaent mile use of the аад 10 Bute 
pension, magnetic driven ultre=sentrifuge constructed 
by О.В. Harris.) Figure ü shows an overall view of 
the centrifuge and related equipment. 

The support system consists of 2 large solenoid 
mounted above the rotor and, mounted beneath the rotor, 
& soil in the grid tenk of a tuned«gridetuned=plate 
ocosillator whose output controls the current flowing 
through the solenoid, AS the rotor changes vertical 
position, the induction in he grid bank eoll is varied, 
detuning the 08211185ог, 118 reaulte in an oscilletor 
cutput signal which is a function of roter height., А 
derivative circuit was employed to minisize oversanoot and 
to increase vertical stability. The bias on the derivative 
amplifier, V.1i03, нев inereased from 1.5 volte DC to 4.5 
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volte Bo. This inoreated the stability te such an 
extent that tne centrifuge could be left operating un. 
&ttended for porioós ol twelve hours. The sup, ort 
circuit and support power вырріу circuit sre shown in 
Figures Y and iv. 

Rorizontal damping we scoompli&heài by suse 
pending & cteel come in the center of the sup ort role- 
neid by means ol firs hypodermic tuning. The end of 
tie core wae імовгиво ін 011 to provide в seang ol at- 
sarbing the energy oi tae nortzoutel oscillations, 

The drive circuit consisted of a phase shift 
asciliator feeding s 81дО81 inte & pisse gpliltting nete 
worm, TARO 816018, each one honcreo twenty; degrees 
out of phase with each other, were then aaplified and 
then applied to three pairs of ¿drive sulla, The eddy 
currente iniussu in the rotor caused the rotor to accele- 
rete and try to cateh up wito the roteting field, The 
amounds of acceleration war controlled by varying the 
amplitude of the output віне weve of the oecillator which 
esoíllateó st a fixed frequency ef 35.4 kileeyolea, The 
сіргелі diagres fer the oscillater is shown in Figure 12, 
The phase splitting circuit wee changed to provide 
seperate control fer the cathodes of the power anpilifiers, 
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Better control of tne inpute to the separate drive coils 
раїга was obtained, providing à better eijuttwent for 
balencina the Griva 11612, A conventional 300 volt IX 
reguléteó power supiy with an output of &00 millicapereo 
at one percent regulation wee used, The phase splitting 
ans drivé power euppiy circuits are shown in Figures 22 
and 13, 

She evacuated chamber, situate between the six 
drive soils, contained a tungeten coll used to raise and 
maintain the teayerature of the rotor by radiation heating. 
A method of mounting the tungsten heating coil An the 
test chamber was devised in order that the heating coil 
would be @bie to absorb shook if iù were etruek ty a 
spinning rotor, This provented breakage of the 8роб-н81464 
joints of the tungeten ludn, 

The temperature of тле rotor es determined by 
using è Rubicon potentiometer to measure Lie temperature 
of e similer rotor mounted on an 13 гай 2018 банбай timo. 
бомрїө within the vacuum system. This roter was heated by 
а similar болдё ¢o11 sonnected in series with tue one 
in the test chamber. This temperature was corrected for 
heat conduction wloug the thermocouple aad Гог rediation 
from the colis surrounding tbe test chamber. 
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А light beem fros & D.C. $curoe entered tne 
chamber through the center of опе of the ¿drive colle, 
was reflected off the rotor through tne center of another 
drive coll to a pbototube, ine &mplitoóe pattern from 
tne puotetube ков beat againet 6 known pulse on sn cacilloe} 
Scope to determine the retational velocity of the rotor. 

А eonvertlonal vacuum system consiating of a 
mecnanilosi lore pump, Cryer containing phosphorus pentoxide 
erysatale, oil diffusion pump, fore pressure thermovoupie 
gauge awd @ high vacuem ionization gauge wee usec. Vacuums 
of the order of 1 x 107? mm af mercury were obtained. The 
eyatesz also incorporated a high vacuwe step coek, ground 
gisos joint, and en sir predrying inlet syatem woicn allow. 
i Pemoval 800 replacement of tus rotor with 2 minimum loss 
of tine fer the pumps to cotsin the opersting vacunas level, 

A diagram containing Gre Glasensions of the test 
rektor jie shown in Figure 14, it consisted ef 2 truncated 
come machined on форе of a cylinder. reper ac justeent 
of the equipment preved thet this configuretion had very 
tteble Support aneracteristica in the magnetic 114132 used 
for suspension. Two such rotors were machined from & rod 
of 5001 steel, esten being attached ta 2 shart mandrel ay 
8 tapered spruc, This faciiiteted polishing the aylincer 
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and song. Tht daves were polished arter breaking 

tne roters loose from tue atadrol and mounting thèm in a 
drill precs by souna of a Teilen collet., There was no 
need lor heat treating toe roters as tue velocities amd 
tesperstures at waloh Use experlaent waa performed were 
well below tue burating speed of tue robora. 


Retachay Counting Apparatus 


TRE чеза-гоу 12040410  ё8ррӨгайа8, Зїоно la Figure 
i5 and achomatioally in figure 15, consisted of the 
following: 

1) ight tight vompartiment housing the rotor, 

atiibene azintiliation orystal and photomultiplier 

tuse; 

2) ltnesr ampilfier; 

3) pulse height analyzer; 

j sealer; 

5) timer. 

The rotos wes heid in position within the light 
tight compartment om a spring loades plate waigh held 
the retor cone in the cap and shielded the radiation 
from the base of the cylinder, See Figure 17, 
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ifte Muck experimenting it wat fous) to be 
alevat iapossl,.la to position the rotor so tibt te 
1::4813451 36, 2266 нєї „renenteon to tar oryetal esco time 
tae embenions were sounted, Roth the Lotto plate ana 
40514623 оар зага nero aouates. in Gearinga an. t оле 
revolution per minute motor was cummectes to the conieal 
сар shaft to rotate Los rotor. у motor oyersted ао 
maticeily when tne “count” awitch on the sealer was ene 
gaged, Counting potlous 18846464 Гог two minutes wiicn allowe 
ес tie Toto бш be turned багсомды tao compiate rovolutionB, 
A ON@~wguaster inch tilek lead suieió, mounted between 
the rotor and the etilvene ergatal and containing в 
eOliimating Siit with dimensions of the height of the 
rotor cylinder and widia of one tents the rotor diameter, 
limited the arve of the cylinder even by the ecintillaetion 
9798321. 

é this atilioene 21386581 най selevted far tre 
¿ciabiliatíon ¿pyatal secuuse of its relative insensitive- 
ness to gamma radiation, A thicanesa of one-half aiilimeter 
was selected te provide an esevape peek for tar 0,53 REV 
eligstrons whisk heve a range ef 0.66 millimeters in atilbene, 
A twenty-five hungred thousencth ef an inch aluaínue 12011 
mountel between the lead 311012 anc the crystal served both 
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to ebsorb 0.030 MEV of the energy of tne — 


striking the crystal end to reflect the photons emitted 
in the orystel back to the photomultiplier tube, The oub- 
put of the regulates negative power supply Grown in 
Pigure 18 was lowered from 16550 volte 0,0, Фо -200 volts 
0,0, by lowering the potential difference between adjacent 
dynedes to eighty volts, Ey operating the DuMont 6291 
photomultiplier tube at tnis lower value rather than near 
the maximum 2100 volte 2.0,, 68 very low noise to signal 
ratio resulted and the linear emplifier wae au justed to 
give maximum amplificntíion without being overdriven, 
A cathode follower was used to metch tne high impedence 
of the photomultiplier tube to the low capacity coaxial 
esble carrying the signels to bhe linear asplifiler, 

ine regulateó negativo power supply sas rebuilt 
to inoorpormte advanteges fono by рт. о, А. Harris doing 
experimental work st FXlectronics JAesearch, University of 
Virginia. This sonvietec of replacing the original resistor 
voltage divider network by one consisting oi resistore 
and NE 2 voltage regulator tubes to provide e more constant 
potential difference between the dyacieos of the photo. 
multiplier tube while the losa ia changing, See Figure 19, 
This resulted in a etili lower noise to @ignsi ratio while 
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the potential cifierence between dynodes was raised to 
120 volts. The amplification required from the linear 
amplifier wea thereby decresse. This seemed to lower 
the drift of tne equipment and the Gate мав more consistent. 

А linear amplifier was constructed according to 
the schematic Glagrem Figure 20, ‘The emplifier rection of 
the Atowic Instrument Companys Model 240-0 Linear Asplifier 
мав utilised in conjunction with в wediua voltage stabilized 
power aupply,*” having an output of pius 300 volts D.6. 
and 159 milliamperes available for plete currenta,. , This 
proved to be a very stable combination with low ras ripple 
voltage, The bottom of the chassie wee enclosed and a 
blower, raved at 50 eubic feet ef air per minute, was 
mounted en the chassis, This forced alr over # two hundred 
watt heating element passt internal baffles tareagh the 
Gmpliiler section. A thermostat, cutting on at 109 úegreos 
end off at 110 degrees Fenverpeit mounted in the aire 
stress under tho gaplifier section and connected in series 
with the heating element, provided a mere evan temperature 
of the amplifier componente, thereby stabilizing the 
amplifier gain, 

An Atomic Inetrument Company Model 510 Tulse 
eight Analyser was used to select tie energy range desired, 
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The number of. pulses received from the analyzer ves 

| registered on afi Atomic Instrument company Мо241 1С30л 

| inary Scaler, 

Tho time interval fer the counting period waa 

| determined oj noting the number of seconds end tenths of 
seconds registered oo a Precision Sslentific Company 
"pimosIt" timer, The timer operated wienever tie "count" 
switoh on the scaler was engeged. 
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A graphical representation or Qe results is 
enown in Figure 21, here the Gistance moved of the 
average radicactive particle is plotted sgainst tie 
&pplied foroe in dynes. The time 18 constant slong 
each curve. 

The Gistanmie mover by ап average recicactiva 
particle was computec by applying tie change in counting 
rate to tne aurve of Pigure 3. А sample caleulation 18 
shown in appendix 11. | 

As te foros increases, the average Cistance 
movel increases Lo а MEKIN aû then decreases. The 
Axium average uistance moved cocurmed betean applied 
forces of from Lè x 10! te 22 x 10! dynes, This is tre 
range of Samson i молор tae 111898 with no adhesion 
were tarawn from the rotor, This is also in 6gGreement 
with tensile strength experiments performed in this laccre.e 
tory by ñ. ie Bart. 

The maxien of the curves obt&ined from tno 
reters plated by tie first method were iu all cases 
higher than these obteined fron rotora plated by the 
Gs cond method. 
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Besuite тисип ea tos 20070 are not evidently 
justifiable from the coraidereation of the time-independ~ 
ent part of tne solution for the concentration of toe 
aiffusing medium, 15618 enon іп the seaple calculations 
thet at a speed of 6,060 revolutions per second, the 
effeot of the eppliea centrifugal forve weuld alter this 
solution in the order of 10°", making the direct effect 
of the force pesligible. 

Tie tise-ocpenmdent part ef tne solution of the 
concentration of Gue diffusing medium, contaire the 
41200100) consbant as 4A parameter, ¿e has been previous; 
pointed out, tae diffusion scenttant дерева upor the grain 
Structure. Tnerefere, tie above effecte souli indizsete 
hat the disfusion conetent varied with tie epoliec force. 
it 18 believed that coló work aná reerystellization resulte 
ing from tie atresses introduced by the applied oentrifugsi 
force causes rearrangement in (e sine and position of the 
grain boundaries, This sould deeresee the rate of diffusion. 
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APPENDIX I 


Data for Typical Test Run. 





Rotor velocity - 6,000 revolutions per second 


Rotor temperature - 300 Degrees Centigrade 


Rotor £21. - ланд by the first method 
| | | 


Time 

— Control 
Rotor 
0 38,613 
12 47,385 
24 | 35,628 
36 | 45,721 

48 44,751 
60 | 43,632 

Rotor #26. 

o | 30,950 
12 | 28,95% 
24 28,365 
36 | 28,094 
48 | 28,083 
60 | 29,531 








| 
| 
| 
| 
i 


10,853 
71,058 
10,513 
67,278 


24, 756 
24,216 
24,166 
24,723 
24,783 
26,195 





A A AI is 


i 
i 


— — — — — — 


Ad jua ted 
Value 


74, 820 
72,420 
16,080 
16,480 
74,980 


те NOS тай фат p rr intend e- 


-——- 


| 


| 
| 
| 





vemu 


= 


A 


_ Change - — 


4.3 
1.9 
9.2 


10.1 
| | 8,1 
e... мыза | ва | лыо | 85 


сэрээ ру the gecond method 


— 5 


4.1 
6.2 
8.2 
8.3 
9.1 


72 29,613 25,892 26,580 ^ WM 
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i. V“orr@eetion for temperature JiiTerense between test 
rotor and rotor mounted om the thermocouple. 
А, Temperature dillference 88 bne regult of heat 
eonductilos tareugn thermocouple lesan: 
dafat E KA (40/1x) 
Фә z 1926 
cx * 7 om. 
À * (6.0375)? 
xa Eigond Faonstantan z 0,20 $ 0.05% = С,294 
(44/64) teas = -(0.298) (^ ) (0.90315) 9 (1987/7) в 
-3.08 х Х0"2ав1/860 
Recletion with walle: 
aa ma | (s og) 
= 22295, $ 535? k, 
hy * 569 c. 2 303% к. 
^ € 0.91738 сиё 
ws 0.40 (16001; 
= 5,56 2 10 org? /cn* deg" sec 
(44/45 )на116 = (0,9738) (0.80) (5.66 x 1077) 
(105 х 109 » 600 к 109) 
$ 1,002,000 ergs/sec 
5 «2. x 105 ааї/8өс 
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(84/08) 2 (ааъ) овы 4 (44/38) qalla 
= - 3.06 x 1077 . 2.58 x 102 2 .5.68 x 107? 
Therefore the cosrrested temperature, ég, 18 given bj: 
ey? a (83/48) (1/4) 8 ue 


€ DO — 
(9.66 х 10-5) (0.40) (0.9738) (2.39 х 10%) 
4 109 x 10% 
= 1136 x ic 


ог 9, = 57575. зэх c, 
5, Heat sup ¿led to overcome Bir friction: 
Ju * A ( < S/ toto) 
81508 Їрррөр 8 1-986 х 1075 gm cw? 
“Буй, = (2/2) (2.586 ж 1078) (2.39 х 4078) x 
(%7 8) (90002 . 30002) / (1.17 ж 203) 
5 5.31 x 107? oal/set. 

THiS amount of neat sunt be aude бо tie rotor 
by the sustaining drive. ‘/esuming thet tie energy thus 
edGed te the rotor were vompletely effective this would 
raise the rotor's temperature only a fraction of 8 degree, 
ії. Sample Culcuiation for average 01808126 582108:2521Ү8 

Atome eve: 

(1$ percent change) (Me, of osunts at overlay маеке 
ness of 1.36 x 1g 18911068) = No., of counte for ree 
ferenoe to Figure 3. 
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бонаїдөгїнд 8 six percent chenge in the counting rote: 
& (1.05) (53,0900) & 65,800 oounta 
ln Figero 3 tnis corrmeüponüt to an overlay Giloxneen of: 
1.26 x 1075 1nches 
the averege movoment ie then (1.36 4 1.80) ж 1059 nones 
51.2 х 10"9 їподэс Ж 3.1 ж 1079 га, 
Aki. Charge In Dime Lependent Solution of Consentration 
gt k Result of Centrifugal голое st 6,000 Agvolutions per 
SOLE : 
4 (х) 2 87.2 f P um s ых & (5.1 x 10%) (5000357 Езда sin ий 
i^. 4 (6.1 x 10729)* (5909) (8 ^ 9)6 J - — 
-— ART Coe? 


< IRALA Муй уйл Ар mate ВА 


$,96 x = 
The sasll2st p ip «nen n 3 2: 


uen: 
5980 eo» ¿4 0.86% sin کے‎ 


— 8 ي 
m SIDES‏ 
x 107 ət |)‏ 1.16 4 کے e 87.2 (coa‏ 

бїл: > 


2 (x) 5 87.2 вов p” 
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Thesis 3315 T 
C709 Connelly 
Effect of centrifugal fields 
on the self diffusion rate of 
silver. 





